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Abstract 
The window is an important retaining structure. The gap of doors and windows cooling is an important part of building energy 
consumption of heating. A window with high quality and advanced construction technology can greatly enhance the air tightness 
of retaining structure. The experiment is air tightness test based on an energy-saving windows in a zero energy building in the cold 
region. After the test and analyzes on the windows, the air tightness of windows reached level 8 standard prescribed by “GB/T 
7106-2008 Graduations and test methods of air permeability, water tightness, wind load resistance performance for building  
external windows and doors. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. INTRODUCTION 
With the rapid development of social economy in China, the construction industry booming rise, building energy 
consumption will inevitably increase greatly. The window is an important part of the building envelope, and it has an 
important influence on indoor thermal environment and light environment. It has with high significance such as 
strengthen the air tightness of the window, reduce the air permeability to reducing the amount of heat retaining 
structure and improve the indoor thermal environment. For a long time, through the envelope through technological 
innovation, the thermal performance of windows have been greatly improved, and the traditional heat transfer 
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coefficient is greater than 3W/m2gK single glass, compared with air tightness is only about 3 wooden window, 
window, window envelope is now the most advanced can reach 0.8W/˄m2gK˅and air tightness reached level 8. 
     Table 1. Air tightness scale at 10 Pa 
scal 
air flow through a unit joint length value 
q1/[m3/(m·h)] 
air flow through a unit area value 
q2/[m3/(m2·h)] 
1 4.0ıq1˚3.5 12ıq2˚10.5 
2 3.5ıq1˚3.0 10.5ıq2˚9.0 
3 3.0ıq1˚2.5 9.0ıq2˚7.5 
4 2.5ıq1˚2.0 7.5ıq2˚6.0 
5 2.0ıq1˚1.5 6.0ıq2˚4.5 
6 1.5ıq1˚1.0 4.5ıq2˚3.0 
7 1.0ıq1˚0.5 3.0ıq2˚1.5 
8 q1İ0.5 q2İ1.5 
 
The experiment selected a zero energy building as a test object of Shenyang in cold region of China. The building 
has one floors underground, two floors up, and as high as 10.3 m. The building area is 1600.7 m2. The whole building 
exhibition, office, conference reception in one place. All the window were made by triplex low-E glass and the gap 
filled argon. 
 During the installation of external window in traditional building, the window and wall are connected directly, the 
connection is closed with mortar. Due to the backward technology, prone to leave a large voids between them. At the 
same time, concrete wall contact with indoor and outdoor air directly, then forming a heat channel. New installation 
technology is applied in zero energy buildings. The window frame and the heat insulating material is closely connected 
instead of building exterior wall. The heat transfer coefficient of thermal insulation material is far less than the concrete 
structure, partition concrete structure bridge, and the outer window and the thermal insulation material of concrete 
structure contact parts with sealing rubber strip to cut off the air the penetration of the channel, improve the tightness. 
 
    
Fig. 1. (a) Advanced window installation;   (b) traditional window installation. 
    
Fig. 2. Connection construction between windows and insulation materials.             Fig. 3. the sealing strip 
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2. METHODS 
2.1. Test 
On March 13, 2015, the test selected a window at southeast side of building on the first floor as the external 
window's air tightness test experiment object, the window size is 2000 mm * 900 mm, the area is 1.8m2, the window 
open fracture length at 5.8 m. The test use a windows properties physical detection system producted by Shenyang 
Ziwei mechanical and electrical equipment company of MW-XQS-F type, the system comprises a pressure tank, 
specimen installation system, pressure supply system and measurement system. 
 
   
Fig. 4. The test equipment                                                                    Fig. 5. The test site 
2.2. Equipment related technical parameters 
x Air flow test range: 0.2 ~ 316m3/h, accuracy: 1.5%; 
x Pressure test range: -200 ~ 200Pa, accuracy: 0.25; 
x The equipment power consumption: changes in the range of 2000W ~ 200W; 
x Power supply: AC 220V 5000W 50Hz, distribution; 
x Detection range: height: 680 to 1800mm;  width<1800mm;  
x control box size: length * width * height (mm), 500 x 465 x 235 (mm) size box: length * width * height (mm); 
2.3. The testing steps 
x Connect the test equipment and set the AC220V 50Hz 500W power supply in the field. Before the start of the 
experiment check the status of the inspection window, the wall should be smooth and compact, the window sash 
is closed, the measurement form size and wipe dust of the wall; 
x The installation of advanced sealing plastic is according to the window. Then the double seal affixed to the 
window around. From the entrance to the cave with advanced sealing tape paste. At the bottom of shear in blast 
pipe butt, sealed with adhesive tape around, on the other side to open a small mouth with tape sticking in 
piezometric tube plastic cloth. Finally, fit the plastic cloth at the bottom. The additional leakage test for sealing 
tape joint from lateral sealing of the window. 
x Additional external window leakage test, sealing tape window opening gap sealing, pre compression of window 
space, the pre pressurized air supply duct and fan outlet connected to the sealed space, pressure, pressure is up to 
150 Pa, each time last  10 seconds, in total three times, fourth times official pressure, keep 15 seconds, and record 
the volume. 
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x Reverse pressure will speed the fan suction outlet hole and oral body connection, maintain the negative pressure 
up to -150 Pa for 3 times, each time for 10 seconds; fourth formal decompression for 15 seconds, and then record 
volume 
x Then, remove the sealant for opening and closing the window five times to ensure the normal working state of 
the window, and then repeat the above steps, two times the total infiltration test, and were recorded positive 
pressure air and negative pressure air flow. 
x Figure 6.  Pressure curve 
3. Results 
During the test, the atmospheric pressure is 100.4KPa, the environment temperature is 13 ć. the anther is 
shown on the table:  
     Table 1. Air tightness scale at 10 Pa 
pressure 
Additional infiltration(m3/h) Total infiltration(m3/h) 
+Qf1 +Qf2 +ܳ௙തതതത -Qz1 -Qz2 -ܳ௭തതത 
100 21.2 20.6 20.9 25.6 30.9 28.3 
150 26.9 26.9 26.9 41.7 41.7 41.7 
Calculate the step-up and step-down process in 100Pa by the pressure of two additional air infiltration 
determination of average (݂ܳതതത) and the average value of a total of two infiltration (݂ܳതതത), the test window in the 100Pa 
air infiltration of Qt (m3/h) can be calculate by formula (1): 
 
Qt=ܳ௭തതത െ ܳ௙തതതത                                                                                                                                         ˄1˅ 
 
Then, the type (2) will be converted Qt into infiltration standard condition value Q '(m3/h). 
 
7
344 W xu c 

                                                                                                                ˄2˅ 
 
Q'üüUnder the of the standard condition specimen by air infiltrationˈm3/h˗ 
Püü atmospheric pressureˈkPa˗ 
Tüü environment temperatureˈK˗ 
Qtüüpermeability measurement of windowˈm3/hǄ 
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Let Q' divided by opening seam length L, and the unit open fracture length of air infiltration ql[m3/ (m·h)] under 
the pressure of 100 Pa can be obtained. 
/
4TO
c                                                                                                                                           ˄3˅ 
Let Q' divided by window area A, and the unit area of air infiltration qA[m3/ (m·h)] under the pressure of 100 
Pa can be obtained. 
$
4T$
c                                                                                                                                          ˄4˅ 
The unit open fracture length of air infiltration ql [m3/ (m· h)] under the pressure of 100 Pa is 1.29 m3/ (m· h), 
the unit area of air infiltration qA [m3/ (m· h)] under the pressure of 100 Pa is 4.17 m3/ (m· h), In order to ensure the 
accuracy of classification index, By using the value under 100 Pa the pressure difference measured by formula 
(5)and (6) is converted to the corresponding values of 10Pa detection under the pressure difference. 



44 c                                                                                                                                   ˄5˅ 



44 c                                                                                                                                   ˄6˅ 
4 c—— air flow through a unit joint length value under 100 Pa, [m3/(m· h)]˗ 
4 ——air flow through a unit joint length value under 10 Pa, [m3/(m· h)]˗ 
4 c——air flow through a unit area value under 100 Pa, [m3/(m2·h)]˗ 
4 ——air flow through a unit area value under 10 Pa, [m3/(m2·h)]Ǆ 
The air flow through a unit joint length value under 10 Pa Positive pressure is 0.28[m3/(m·h)]. The air flow through 
a unit area value under 10 Pa Positive pressure is 0.88[m3/(m2·h)] and achieve the air tightness level 8 standard. The 
air flow through a unit joint length value under 10 Pa negative pressure is 0.28[m3/(m·h)]. The air flow through a unit 
area value under 10 Pa negative pressure is 0.88[m3/(m2·h)] and achieve the air tightness level 8 standard, too. 
4. Conclusions 
As the result shows that by use the advanced window installation and high quality window can greatly improve the 
air tightness and thermal performance. It can be wildly used in the zero energy building in cold region of China to 
decrace the energy consumption of building. 
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